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IMPROVED HEAT EXCHAN GER TEMPERATURE CONTROL SYSTEM 

The present invention relates to ari alternative method of temperature control in heat 
exchangers. The method is well suited for use on plate and solid block heat exchangers 
although it may he used on other types as well. The concept is illustrated herain In 
relation to plate heat exchangers. 

Plate heat exchangers are devices for adding or removing heat from a fluid or gas. Tliey 
consist of a series of adjacent plates. The plates are spaced apart and profiled in a 
manner which enables fluids to pass between them. A plate heat exchanger is made up 
with a minimum of 3 plates, in the case of a 3 piata system, heat transfer fluid is passed 
through one plate space and process fluid is passed through a neighbouring plate 
space. This pmvides an efficient means of transfening heat between the heat transfer 
fluid and the process fluid. Most plate heat exchangers are made up of many plates and 
the process fluid and the heat transfer fluids pass between altemabng plate spaces. 



Plate heat exchangers are used in a wide variety of industrial applications. In some 
cases, they are used to modify process temperatufB In preparaiton for a physical or 
chemical process step. Examples of this application include temperature adjustment 
prior lo and during many common physical process operations (heat pasteurization, 
sterilization, extrusion, mixing, crystallization, fiitrBtion heat treatment etc). In other 
cases they are used to regulate the temperature of stored liquids. In some applications 
plate heat exchangers are used to control temperature in exolhennic and endothermic 
processes such as chemical synthesis reactions, neutralisation reactions, condensation 
25 reaclFons and polymerization etc 

Plate heat exchangers with tennperaturB control systems are also used for a variety of 
non-process applications. This Includes such examples as controlling air temperature of 
buildings, the temperature of swimming pools, ponds, cooling towers, machine cooling 
30 8i«tems, etc. 

The invention is concerned with an improved method of controlling temperature in plate 
heat exchangers. Multiple benefits arise from the improved temperature control method. 
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The new control method gives faster temperature control response and a narrowar 
temperature control band. This will give product quality and yield for temperature 
sensitive chemical reactions and processes. 

5 The new control method will give stable temperature with a high thermal dHTsrence 
between the heal transfer fluid and the process fluid. This will enable smaller plate heat 
exchangers to be used for a given duly, it will also enable more even temperature 
profiles to be maintained where heat is being liberated by Ihe process. 

10 The new control method will also enable the users to accurately measure the amount of 
heat being absorbed or liberafed by a process. 

The new control method will also offer energy savings in the fomi of reduced pumping 
requirements of heat transfer fluid. In the case of heat exchangers used for cooling, 
higher heat transfer fluid return temperatures will enable users to pre-oool the return fluid 
with lower grade cooling flijid. This will reduce energy cosia. 

The amount of heat which a heat exchanger can deliver is based on the standard heat 
exctianger aquation: 

Q = UxAxUWITD (kW) 

Where Q (kW) is the process heat load. This can be the chemical heat load arising from 
a reaction between two chemicals or some other lype of reaction such as polymerization. 
Aifcematively it couid be the heat load associated with a physical change such as 
crystallisation, evaporation or precipitation. In some cases, the heat load (Q) may be a 
sensible heat load for heating or cooling process fluids. 

U is the overall heat transfer coefficient (tcW.mMc^) and is a measure of how easily heat 
can be transmitted between the process fluid and the heat transfer fluid. If is dependent 
upon the physical properties of the heat exchanger and the dynamic conditions of the 
heat transfer fluid. For example a thin heat transfer wall fabricated in a material with 
high thermal conductivity gives a better overall heat transfer capacity. Heat transfer 
fluids with high themial condudivHy give a better overall heat transfer coefficient. 
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Reducing the thickness of the fluid boundary layers (heat transfer fluid and process fluid) 
also gives a better overall heat transfer coeffidenL THs may be achieved by such 
methods as increasing the velocity of the fluid within the lieat exchanger and using low 
viscosity fluids. 

5 

A is the; heat transfer area of the heat exchanger (m^). A larger heat transfer araa gives 
a higher heat transfer capadty. In the case of a ptette heal exchanger, the heat transfer 
area is detemnined by the surface area of each plate and the number of plates used. 

10 LMTD is the log mean temperature difference and is the difference in temperature 
between the heat transfer fluid and the process fluid. This is expressed as a 
mathematical function since the temperatures of the respective fluids (heat transfer fluid 
and process fluid) are not constant. The LMTD is calculated as follows: 

15 LMTD = (ATfr. - ATout)/ln(AT|n/AToirt) 

Where AT^ is the difference in temperature (between the heat transfer fluid and the 
process fluid) at the inlet of the heat exchanger and ATout is the dlfferenffi in temperature 
(between the heat transfer fluid and the process fluid) at the outlet of the heat 
20 exdianger. 

A heat exchanger is always sized for the maximum load it can encounter in the course of 
its operation. In practice however, it will be required to operate over a wide variety of 
operating heat loads. The load variation arises during start up and shutdown, or during 

25 process upsets. Load variation is also encountered when equipment is used at different 
times. For example a heat exchanger might be used to heat a fluid being pumped out of 
a storage tank. The storage tank temperature may t>e different according to the weather 
and the season. The same environmental effect applies to a heat exchanger being used 
for air conditioning or room heating. Load variation Is also encountered when heat 

30 exchangers are used for different purposes. For example, different products and 
manufacturing recipes require different heat loads during processing. 
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To explain how conventional heat exchangers regulate temperature, an example yM be 
used of a theoretical heat exchanger with a heat transfer area of 1 m^ and an overall 
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heat transfer coefficient of 1 kW.m'*.**C'\ Imagine that a fluid is fed to the heal 
exchanger at SO^C and needs to be heated to 40''C. Assume that the flow rate of the 
process fluid is 1 kg.s'^ and has a specrfic heat of 1 kJ.kg'\''C''V The heat load (Qpi) 
required to ratee the temperature by 1 0'C can therefore be calculated as folkiws: 

5 

Qpi = m X Cp X At 

Where m is the mass flow of process fluid (kg) 
Cp is the specific heat of the process fluid (kJ,kg"\''C^) 
10 At is the temperature rise of the process fluid (''C). 

ThusQpi = 1 x1 x(4Q-30)=10kW 

The mean temperature difference be^Afeen the heat transfer fluid and the process fluid 
15 can be calculated using the heat exchanger equation: 

Q=UxAxLMTD 

For the temperature to be controlled, the process load must match the heat exchanger 
20 capacity thus: 

Q = Qpi 

Therefore Qpi = U x A x LMTD 

25 

Since the values of Qpi (1 kW), U (1 kW.m "^'^C"^) and A (1 m^) are known, the mean 
thermal difference behveen the process fluid and the heat transfer fluid (LMTD) is 
calculated as 10"*C. 

30 Imagine that the feed temperature of the process fluid falls to 20^*0. 



Thus Qpa=1 x1 x(40 - 20) = 20kW 
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Since the values of Qp2 (1 kW), U (1 kW.m'^"C'^) and A (1 m^) am known, the new mean 
themnal difference between the prcNsess fluid and the heat transfer fluid (LMTD) can be 
calculated and is 20X. 

5 It can be seen from the example above that the LMTD in the heat exchanger conditions 
have to be modified when the process heat load changes. This can be achieved in one 
of two ways. 

Firstly hotter heat transfer fluid could be fed to the heat exclianger. This would 
10 increase the average temperature of the heat transfer fluid within the system. 

Alternatively heat transfer fluid could be pumped through the heat exchanger 
faster. This would also increase the average temperature of the heat transfer 
fluid within the system. 

15 

The Illustration above demonslFafes how conventional heat exchangers control 
temperature by modl^ng the LMTD. A variety of techniques are used for regulating the 
flow and temperature of the heat transfer fluid. Although good performance can be 
achieved with this type of control method, there are disadvantages. 

20 

LMTD is not the only means available for regulating process temperature. Variable heat 
transfer area can also be used. In our co-pending United Kingdom Patent Applications 
0110301.9, 0110299-5 and 0110295.3 and 0110293.8, we describe and claim reactor 
systems which provide improved control over physical and/or diemical reactions. In 

25 particular these applications describe how the heat transfer area can be varied by 
means of a series of conduits particularly pipes or coils which can be brought into or out 
of operation. We have now developed an internal control system which can be used for 
a variety df existing heat exchangers such as plate or solid block heat exchangers. Our 
co-pending United Kingdom Patent Application 0110296.3 describes measurement 

30 systems which may be used wKh this invention. 

The present invention provicles a modification which enables plate heat exchangers (or 
solid block heat exchangers) to operate as variable area heat exchangers. 



RightFAX 



5 



Bawden & Associates Z4/04/02 IB: 22 PAGE 10/23 RightFAX 




s ZA/ 



:The Comptroller COMPAI^^he UK Patent 0££ice 



PAAMBA169 



The present invention therefore provides a heat exchar^er oomprf^ng two or more heat 
iransfer elements m wiuch fhe number of heat transfer elements in operation can be 
altered to provide means of controlling the heat transfer capacity of the heat exchanger 
when^n ttie achjator for controlling the numt)er of heat transfer elements In service is 
5 contained within the t>ody of ttie heat exchanger. 

The heat exchangers of the present invenfion may contain any number of elements 
typically eight or more, sometimes fifteen or more and in some instances fifty or mors. 

10 In a preferred embodiment the heat exchanger is a plate heat exchanger consisting of 
multiple plates. Figure 1 shows an exploded view of plate heat exchanger with 4 plates 
whose area in use may be varied (Items 1 to 4), Heat transfer fluid enters and leaves via 
common manifbfd pipes (items 5 and 6). The heat transfer fluid passes through 
alternate plate cavities fed by a common manifold. The process fluid takes a different 

15 flow path (items 1 5 to 18) and flows across alternate plates. The key difference tietween 
this design and conventional plate heat exchangers is tliat the number of plates in 
service can be varied by using a piston (item 11} which acte an actuator and passes 
through one of the fluid (inlet or outlet) manifolds. This is driven by a shaft (item 13). 
Rgure 1 also shows a temperature measuring element on the shaft (item 20). The 

20 purpose of this is described later. 

The embodiment illustrated in Figure 1 enables the user to vary the number of plates in 
service at any time by varying the position of the piston. This effectively controls the 
number (and hence total area} of plates in sen/ice. Different mechanical design 

25 solutions could bB employed to ensure that the piston can travel through the heat 
exchanger with ease. Figure 2 gives an example of one method which consists of 
providing a piston actuator in a variable area plate heat exchanger. In Figure 2, items 1 
to 4 are tiie plates. Items 5 and 6 in Figure 2 show heat transfer fluid entering and 
leaving the manifold. Items 7 and 8 are the flow and return pipes. Each pipe has 

30 apertures (items 9 and 10) spaced along the length. These enable fluid to enter and 
leave the plate. It must be recognized that Figure 2 is a cut away view and that not all 
the plates are shown. In the emtxsdiment illustrated In Figure 2, pistons are shown on 
both the flow and return pipes (items 11 and 12), These pistons have shafts (items 13 
and 14) and temperature sensing devices (items 20 and 21). The process flow path is 
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shown by items 15 to 18. The techniques of the present iiwention enable a variable 
area heat e)<chans^r to be assembled lelng the same techniques as cun^ntty employed 
for traditional designs. Figure 2 shows a sealing gasket (item 19} between the plates, 
but a fully welded design could equally well be used. 

5 

In Figures 1 and 2, the control piston (or pistons) has been used on the heat transfer 
fluid side. This has the advantage of keeping moving parts av^ from the process fluid. 
In some instances however it might be preferable to mount the control piston (or pistons) 
in the process fluid. 

10 

The plate heat exchanger of the present invention can be used with a single piston or a 
piston on both the flow and retum pipes. The advantage with 2 pistons is that there is a 
reduced tendency for heat transfer fluid to leak Into dosed plates. 

15 The actuator which controls the number of plates in service could be operated by a 
number of methods other than a piston moving through the plates. For example, a 
ttollQW piston with holes or slots formed in a spiral manner down the length could be 
used to progressively open up plates as the shaft is rotated. The numtier of plates in 
service could also be varied by means of an inflatable inner tube contained within a solid 
20 tube. In this case, the heat transfer fluid (or altemativeiy the process fluid) passes 
between the soft inner tube and the hard tube. Row to the plates is via apertures in the 
hard pipe. Flow of heat transfer fluid in this example is stopped when the soft inner tut>e 
is expanded onto the wall of the hard tube. The soft inner tube may be expanded onto 
the hard pipe by a variety of methods including a piston or fluid/gas under pressure. 

25 Multiple on off valves contained within the pipe could also be used. In the case of a solid 
block heat exchange^ the piston or actuator could be fitted within the body of the block 
without the need for a containment pipe. 

Temperature measuring devices can toe fitted to the pistons (item 20 In Figure 1 and 
30 items 20 and 21 in Figure 2). This will give ^ster temperature measuring response 
which would be useful for some applications. 

Where the actuator is a piston which passes through the plates it needs to travel freely in 
either direction. The piston can he driven by a variety of methods, for example it may be 

7 
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a hydraulic piston with spring return, a double acting hydraulic piston, an electrical motor 
with gears, compressed air or a linear motor. Other types of motive fbroe could also be 
used. 

S By varying the number of plates in senrice, the user is able to control the heat transfer 
area. If the heat exchanger has 3 plates^ temperature regulation fs reduced to simple 
on/off control. Such a design would neither need nor l)enefit from an internal control 
piston. A heat exchanger has to have more than one complete flow passage for the 
given fluid to create a variable area heat transfer surface. In this context, one flow 

10 passage refers to the volume between two plates. An ideal system has a large number 
of plates such as more than 15, perhaps more than 50 plates. With a large number of 
plates, small incremental changes in the heat transfer capacity is observed when the 
actuator opens up or closes each new plate. If the heat transfer area can fo changed in 
small Increments, the temperature control system will operate more smoothly. 

15 

There are however limits to the number of plates that can be used. Quite apart from 
practical limitations of using large numbers of plates, there will be occasions when only a 
small proportion of the plates are in service. Sinoe the heat load Will rarely coincide with 
an exact number of plates a means of a)ntrolling intermediate heat lo^s (between the 

20 incremental steps) is preferably provided. This can be achieved by permitting the 
ac±uator to rapidly open and close one plate. The fluctuating flow will have the effect of 
giving reduced cooling capacity. Another method is to give the actuator very fine 
position control. By partially opening flow to the leading plate, a reduced flow of fluid is 
delivered to this one element The lower flow through this plate will give a reduced 

25 temperature difference (LMTD) within this plate. Therefore, on this one leading plate, 
the heating or cooling capacity will be smaller than the other plates (which ive fully 
open). 

Where the actuator Is a piston, the direction arKi speed of travel of the piston can be 
30 regulated by a controller using a temperature signal from the process. For this, 
conventional or purpose made controllers can be used. Altsmatively the actuator can be 
controlled by some other factor such as a pre-programmed recipe. In some cases it may 
be preferable to use a combination of a pre-programmed recipe and some other process 



RigbtFAX 



8 



Bawden & Associates' 04/02 18:22 PAGE 13/23 

6: The Comptroller COMPAN^Bhe UK Patent Office 

•r 

PAAMBA169 

s'^naL An example of another signal referred to here could be a flow devioe or computer 
signal which occurs when a particular process stream is switched on. 

The method described above provides control of heat transfer by varying the area of the 
5 heat transfer surface. Alttiough some temperature changes are observed when plates 
are opened or dosed (and some flow control ray be impeded on the leading plate as 
described earlier), the underiying means of control is by varying the heat transfer area. 
Some of the advantages of this methcxi are described below. For the purposes of this 
example it is assumed that the actuator is a control pfeton located in the heat transfer 
10 fluid rather than the process fluid. Some advantages are: 

I. Very large temperature differences (between the heat transfer fluid and the 
process fluid) such as 100**C can be used to control rthe process temperature 
without suffering control instability. The high t^perature difference delivers heat 
to the heal transfer surface more quickly. This Qis/es a faster temperature control 
req[>on$e. The msgori^ of heat transfer elemerrts operate fully open and are 
th^rfons at constant flow and temperature. This reduces control instability. 
H. The user can modify the feed temperature of ttie heat transfer fluid to ensure that a 
useful number of plates are ulifised for control purposes. This ensures smooth 
control over a wide range of heat loads. It should be recognized that a reduced 
temperature difference (between the heat transfer fluid and the process fk«d) ghres 
a slower temperature control response. More sophisticated control programs could 
control both the heat transfer area and the feed temperature of the heat transfer 
fluid. This would enable systems to automatically optimize the operating conditions. 
111. The user can modify the feed pressure of the heat transfer fluid to vary flow 
through the plates. Reduced flow of heat trarefer fluid would be useful where the 
system was t>elng used to measure enthalpy gain or release by the process. 
iV. Variable area control delivers heat transfer fluid at constant temperature and 
pressure to all but one of the plates. This is in direct contrast to conventional heat 
exchanger control systems where temperature or flow within a group of plates is 
varied to control process temperature. The benefit of maintaining a substantially 
constant temperature and flow through most of the plates is that enthalpy (entering 
or leaving the process) can be measured with much greater accuracy and without 
compromising temperature control perfonmance. Thus, by measuring the flow and 
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temperature change the heat transfer fluid, accurate calorimetric data can be 
collected. 

The present invmtion win therefcre delivers performance improvements for any plate or 
5 bloc^ heat exdianger that relies on temperature control. The ability to select heat flux 
enables the user to employ smaller heat exchangers without sacrifidng good 
temperature control Apart from the cost benefits of smaller heat exchangers, this is a 
valuable characteristic for heat exchangers used in places where space and weight is at 
a premium suc^ as oilrigs, road vehicles, aircraft and ships. The high flux capability with 
10 stable temperature control enables users to employ smaller flows of heat transfer fluid. 
This reduces pumping capacity (for the heat trarwfer fluid) and delivers a higher (or lower 
in the case of heat duBes) return temperature. TWs offers the prospect of using more 
lower grade heat The improved temperature control characteristics provided by the 
present invention will give better product quality and yield when handling heat sensitive 
15 materials. They will also reduce the llkeiihood of product damage due to transient 
temperature deviations. The ability to measure heat released or absorbed by the process 
with much greater accuracy represents a very valuat^le process control tool. 

. Whilst there are different design considerBtions In using variable area control to Its best 
20 advantage, this technology can be applied to any plate heat exchanger providing there is 
more than one flow passage to be controlled. It can be fitted to new heat exchangers or 
retro fitted to old ones. It can be used with liquids or gases and can be ennployed on the 
heat transfer fluid side or the process fluid side. 

25 The Improved heat exchangers of the present invention may be used to control the 
temperature of water, air, food products during processing, organic synthesis reactions, 
polymerisation reaction, batch reactions end continuous reacAons. They may also be 
used for temperature control applications in aircraft, sbij^, railroad and road vehicles. 
They may also be used for temperature control on oilrigs or drilling platfonns. 

30 
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CLAIMS 

1. A heat exchanger comprising two or more heat transfer elements in which the 
number of heat transfer elements in operation can be altered to provide means of 
5 controlHng the heat transfer capacity of the heat exchanger wherein the actuator 

for controlling the number of heal transfer elements in service is contained within 
the body of the heat exchanger. 



Z A heat exchanger according to Claim 1, comprising 8 or more independent heat 
1 0 transfer elements. 

3. A heat exchanger according to Claim 1 or Claim 2, comprising 15 or more 
independent heat transfer elements. 



15 4. A heat exchanger according to any of the preceding Claims, comprising SO or 
more independent h^ transfer elements. 

5. A heat exchanger according to any of the preceding Claims, compridng a plate 
heat exchanger. 

20 

6. A heat exchanger according to any of the Claims 1 to 4, comprising a solfd block 
heat exchanger formed of a solid drilled block or a sandwich of sections with 
machined slots. 

25 7. A heat exchanger according to any of the preceding Claims, In which the actuator 
is a piston which can be moved through the plates or heat transfer elements so 
as to open or dose the heat transfer elements to flow. 

a. A heat exchanger areording to any of aaims 1 or 6, In whteh the actuator is a 
30 piston with holes which may be natated so as to open or close the plates or heat 

transfer elements to flow. 
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9. A heat exchanger according to any of Claims 1 to 6, in which the actuator 
comprises a soil inner (ripe being compressed against a hard outer ppe so as to 
open up the heat transfer elements to flow. 

5 10. A heat exchanger according to any of Claims 1 to 6, in which the actuator 
comprises individual on/off valves oontained within the tx>dy of the heat 
exchanger. 

11. A heat exchanger according to any of the preceding Claims, in which the heat 
10 transfer elements are brought into and out of operation according to the 

measured heat generated or absorbed by the process stream. 

12. A heat exchanger acconjing to any of Claims 1 to 10, in whidi the heat transfer 
elements are brought into and out of operation according to the heat load as 

15 required for heating or cooling the process steam. 

13. A heat exchanger according to any of the preceding Claims, provided with a 
control system operated according to a control redpe. 

20 14. A heat exchanger according to any of the preceding Claims, provided with a 
control system operated by an output signal from the measurement of the 
temperature of the process fluid. 

15. A heat exchanger according to any of the preceding Claims, wherein the mean 
25 temperature difference between the heat transfer fluid and the process fluid is 

greater than 0.1 "C. 

16. A heat exchanger according to any of the preceding Claims^ wherein the mean 
temperature difference between the heat transfer fluid and the process fluid is 

30 greater than l^'C. 

17. A heat exchanger according to any of the preceding Claims* wherein the mean 
temperature difference t>etween the heat transfer fluid and the process fluid is 
greater than 10X. 
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18. A heat exchanger according to any of the preceding Cl^ms, wherein the mean 
temperature difference between the heat transfer fluid and the process fluid is 
greater than 100*'C. 

5 19. The use of a heat exchanger according to any of the preceding Cla{ms to control 
the tennperature of water. 

20. The use of a heat exchanger according to any of Claims 1 to 1 & to control the 
temperature of air. 

10 

21. The use of a heat exchanger according to any of Claims 1 to 16 to control the 
temperature of food products during processing. 

22. ^ The use of a heat exchanger according to any of Claims 1 to 18 to control the 
1 5 temperature of organic synthesis reactions. 

23. The use of a heat exchanger according to any of Claims 1 to 18 to control the 
temperature of polymerization reactions. 

20 24. The use of a heat exchanger according to any of Claims 1 to 18 to control the 
tennperature In batch reactions. 

25. The use of a heat exchanger accx)rding to any of Claims 1 to 18 to control the 
temperature in continuous reactions. 

25 

26. The use of a heat exchanger according to any of Claims 1 to 18 to control the 
temperature in applications on aircraft. 

27. The use of a heat exchanger according to any of Claims 1 to 18 to control the 
30 temperature in applications on ships. 

28. The use of a heat exchanger according to any of Claims 1 to 18 for temperature 
control in applications on oilrigs or drilling platforms. 
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29. The use of a heat exchanger aocording to any of Claims 1 to 18 for temperature 
control in applications on road vehicles. 
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ABSTRACT 

A temperature control system for heat exchangers whereby the heat transfer capacity of 
the heat exchanger can be varied by controlling the heat transfer area using a corrtro! 
5 device which is internal and integral to the heat e}a:hanger. 
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FIGURE 1 




Variable area plate heat exchanger. 
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FK3URE2 




Example of how to design a variable area pisfrai in a plate heat e«:hanger. 
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